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Key Points
•	 The diaphragm is the principal muscle of 

inspiration. The function of each hemidia-
phragm revolves around the dynamic genera-
tion of a tidal volume.

•	 The left diaphragm is affected in 75% of the 
cases as opposed to 25% on the right side, 
while bilateral TDI occur only in 2% of the 
patients.

•	 Clinical presentation may range from hemo-
dynamic stability with few or no physical 
findings to severe hemodynamic compromise 

and/or presentation in extremis of patients 
with massive destruction of the thoracoab-
dominal region.

•	 Minimally invasive techniques such as lapa-
roscopy and thoracoscopy are now part of the 
trauma surgeon’s diagnostic armamentarium 
for both diagnosis and repair of TDI.

•	 Mortality from TDI is generally due to the 
associated injuries.

Introduction

The anatomo-physiologic structure and function 
of the diaphragm is responsible for the higher 
incidence of left-sided TDI. A congenital weak-
ness along the embryonic fusion of the costal 
and lumbar portions of the diaphragm predis-
poses the left hemi-diaphragm to a greater inci-
dence of injury from blunt trauma. In contrast, 
the presence of the liver along with its attach-
ments underneath the right hemi-diaphragm 
accounts for the lower incidence of 
trans-diaphragmatic herniation following small 
defects from either penetrating or blunt trauma. 
In general, because of the significantly greater 
force required to cause right sided TDI, patients 
with injury to the right hemi-diaphragm have a 
higher pre-hospital mortality when compared to 
patients with left diaphragmatic injuries from 
associated severe hepatic and vascular injuries. 
The diagnosis of TDI requires a multimodality 
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In all acts in which expulsion of body flu-
ids and/or solid materials, such as before vom-
iting, defecation, urination, and delivery of a 
fetus from a gravid uterus, and before sneezing, 
coughing, laughing, and crying, the diaphragm 
is called into action to give an additional power 
to the expulsive effort [1].

The height of the diaphragm varies during 
respiration as the muscle is carried upward and 
downward from the average level. Its height also 
varies according to the distention of the abdomi-
nal hollow viscera and the size of the liver. After 
a forced expiration, the right arch is on the level 
of the fourth costal cartilage; at the side, with 
the fifth, sixth, and seventh ribs; and behind, 
with the eight rib, the left arch being usually one 
to two ribs’ breadth below the level of the right 
one. In a forced inspiration, it descends between 
one to two inches [1].

Pathophysiology of Diaphragmatic 
Injury

The function of each hemi-diaphragm revolves 
around the dynamic generation of a tidal vol-
ume. The generation of a normal tidal volume 
produces a 3–5 cm bidirectional trajectory of 
the diaphragm, with inferior displacement dur-
ing inhalation and superior displacement dur-
ing exhalation. During exhalation, the right 
hemi-diaphragm rises anteriorly to the level 
of the fourth intercostal space whereas the left 
hemi-diaphragm rises to the fifth intercostal 
space. Posteriorly, both hemi-diaphragm ascend 
to the eighth intercostal space. Constant dia-
phragmatic motion tends to preserve the nega-
tivity of the intrathoracic pressure, and during 
inhalation increases to its maximum.

As the main respiratory muscle of the body, 
the diaphragm has both inspiratory and expira-
tory functions. Changes in lung volume have 
a direct effect on diaphragmatic muscle fibers 
and their function. It is known that the trans-
diaphragmatic pressure from stimulation of the 
phrenic nerve decreases almost linearly with lung 
volume. This implies that the force-generating 
capacity of the diaphragm is reduced.

diagnostic approach. In fact, no single diag-
nostic study has been shown to be sufficiently 
sensitive and/or specific enough to accurately 
diagnose the presence of blunt or penetrating 
diaphragmatic injury. Minimally invasive proce-
dures such as diagnostic laparoscopy and thora-
coscopy are more commonly used to diagnose 
TDI in asymptomatic patients with penetrating 
trauma to the thoraco-abdominal region. The 
operative management of TDI depends on the 
clinical presentation of the patient and on the 
timeliness of the diagnosis. Patients with acute 
TDI typically undergo immediate open or lapa-
roscopic operative management depending on 
the presence or absence of associated injuries. 
The objective of this chapter is to provide a con-
cise approach to the diagnosis, surgical manage-
ment, and treatment of diaphragmatic injury.

Physiology of the Diaphragm

The diaphragm is the principal muscle of inspi-
ration. When the muscle is at rest, it presents a 
domed surface that is concave towards the abdo-
men. When the muscular fibers contract, they 
become less arched or nearly straight, causing 
the central tendon to descend. As a result, the 
level of the chest wall is lowered and the vertical 
diameter of the chest is proportionally increased. 
During this descent, the different parts of the 
tendon move unequally. The left leaflet descends 
to a greater extent than the right leaflet, pri-
marily due to the liver, and the central leaflet 
descends the least because of its connection to 
the pericardium. In descending, the diaphragm 
compresses the abdominal viscera and causes 
an outward projection of the abdominal wall. 
However, because the central tendon becomes 
a fixed point, this enables the circumferential 
muscular fibers to contract and elevate the lower 
ribs thus expanding the lower part of the tho-
racic cavity. When at the end of inspiration the 
diaphragm relaxes, the thoracic wall return to its 
natural position as a consequence of its elastic 
recoil and of the elasticity and weight of the dis-
placed viscera [1, 2].
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A close relationship also exists between the 
diaphragm and the musculature of the abdomi-
nal wall. These muscles also have both inspira-
tory and expiratory function. The abdominal 
wall muscles will contract during expiration, 
forcing the diaphragm cephalad into the thoracic 
cavity. Physiologic factors such as sudden and 
abrupt increases in the pleuroperitoneal pres-
sure gradient have been identified as a patho-
genetic mechanism of diaphragmatic injury. 
Marchand [3] demonstrated that there is a nor-
mal pattern of fluctuation in the intraperitoneal 
pressure during quiet respiration, which ranges 
from +2 cm to +10 cm of H2O, while the cor-
responding intrapleural pressure fluctuates from 
−5 to −10 cm H2O. With the body in the supine 
position, the pleuroperitoneal gradient fluctuates 
from +7 to +20 cm H2O. With maximal inspira-
tion, this gradient may exceed +100 cm of H2O. 
Sudden increases in intra-abdominal pressure of 
+150 to 200 cm of H2O are associated with the 
acute transfer of large amount of kinetic energy 
to the domes of the diaphragm, which in turn 
may cause diaphragmatic disruption.

If a violation of the anatomic integrity of 
the diaphragm occurs via laceration, perfora-
tion, or rupture, the pleuroperitoneal gradient 
will favor transdiaphragmatic migration and 
therefore herniation of intra-abdominal vis-
cera [4]. Diaphragmatic disruption is associated 
with immediate hemodynamic and respiratory 
derangements. Transdiaphragmatic migration 
of herniating intra-abdominal viscera can 
restrict ventricular filling decreasing ventricular 
end-diastolic volumes, thereby reducing cardiac 
output. The displaced intra-abdominal viscera 
that migrate into the ipsilateral chest cavity can 
also compromise ventilation and may eventually 
compromise ventilation in the contralateral lung 
as the mediastinal shift increases.

Incidence and Injury Location

Diaphragmatic injuries occur infrequently 
in patients with both blunt and penetrating 
trauma. In a large review of the literature [5] 
that included 53,031 patients, a total of 592 

patients were identified to have suffered with 
TDI, accounting for an overall incidence of 3% 
of all abdominal injuries. The mechanism of 
injury (MOI) of TDI depends on the reporting 
trauma center. Penetrating injuries predomi-
nate as the MOI in the inner-city and urban 
trauma centers, while blunt trauma is a much 
more common MOI of TDI in sub-urban and 
rural settings [6, 7]. The more widespread use 
of computed tomography particularly for the 
evaluation of blunt trauma patients has been 
associated with an overall relative increase in 
the incidence and detection of blunt traumatic 
diaphragm injuries [8].

Particularly in the setting of blunt trauma, 
left-sided hemi-diaphragmatic injuries are con-
siderably more common than right-sided inju-
ries. The incidence of left diaphragmatic was 
reported to be 75% as opposed to 25% right 
TDI, while bilateral diaphragm injuries were 
uncommon occurring only in 2% of the patients 
with TDI [9–11]. To elucidate the cause of the 
left-sided prevalence of diaphragmatic rup-
ture, an study was performed in which 10 dia-
phragms were harvested from cadavers within 
the first 24 hours of death. Both the right and 
left hemi-diaphragm were mounted separately 
in a pressure chamber, and pressures were pro-
gressively increased until rupture of the hemi-
diaphragm occurred. Although appeared that 
the right hemi-diaphragm required consistently 
higher pressures to rupture, the data did not 
reach statistical significance. Blunt left-sided 
injuries are usually located at the postero-lat-
eral aspect of the hemi-diaphragm between the 
spleen and the abdominal aorta, and extend 
medially in a radial orientation towards the cen-
tral tendon. Left-sided defects may present with 
herniation of the stomach, small bowel, colon, 
spleen, liver or omentum into the thoracic cavity.

Patients with right-sided hemidiaphragm rup-
ture have higher pre-hospital mortality resulting 
from the greater impacting force required to pro-
duce a right-sided TDI, with such greater force 
typically associated with significant vascular 
tears in the inferior vena cava or hepatic veins. 
The apparent low incidence of right-sided TDI 
has been attributed to the cushioning effect of 
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Clinical Presentation

In patients involved in MVC, information about 
the velocity of impact, the severity of vehicu-
lar damage, where the patient was found within 
the vehicle, and the direction of impact are 
all important in assessing the severity of the 
injury. Additionally, the presence or absence of 
passenger-compartment intrusion, the use and 
type of safety restraints, deformity of the steer-
ing wheel, and the duration and type of extri-
cation required to retrieve the victim are also 
useful in understanding the impact to the patient 
and can help the treating physician assess pos-
sible associated injuries.

Falls from great heights, direct impacts on 
the thoracoabdominal area from vehicles, or 
a history of crush injury should also alert the 
trauma surgeon to the possibility of an underly-
ing diaphragmatic injury. In general, the sever-
ity of other associated injuries may distract the 
attention of the trauma surgeon and compromise 
the ability to identify the presence of diaphrag-
matic injuries.

While blunt trauma generally produces no 
external signs that are pathognomonic for TDI, 
penetrating trauma in the thoracoabdominal area 
immediately alerts the trauma surgeon to the 
possibility of diaphragmatic injury. The thora-
coabdominal region consists of the lower chest 
and upper abdomen. It is divided into the fol-
lowing: the anterior thoracoabdominal zone, 
defined as the area between the nipples superi-
orly and the costal margin inferiorly; the lateral 
component, defined superiorly by a line drawn 
from the anterior axillary line at the level of the 
nipples posteriorly to the tip of the scapula and 
inferiorly to the costal margin; and the posterior 
thoracoabdominal area, defined anteriorly by 
a line at the level of the tips of the scapula and 
inferiorly by a line beginning at the posterior 
axillary line at the level of the inferior most ribs. 
In general, the incidence of diaphragmatic injury 
is approximatively the same for penetrating inju-
ries to the three thoracoabdominal areas [13].

Presentation may range from hemodynamic 
stability with few or no physical findings to 

the liver and to the greater force required to rup-
ture the right hemi-diaphragm. It has been pos-
tulated that diaphragmatic injuries result from 
the transmission of force through the abdominal 
viscera to the diaphragm, resulting in rupture. 
This would explain the common involvement of 
the left hemi-diaphragm, which is unprotected 
as compared to the right. The energy from the 
force applied to the abdomen or flank should be 
distributed equally in all directions throughout 
the abdominal visceral contents.

Mechanisms of Injury

Penetrating injuries occur due to gunshot 
wounds, stab wounds, and shotgun wounds, 
whereas blunt injuries result from motor vehi-
cle collisions, falls from heights or direct 
impacts to the thoracoabdominal area from 
vehicles (as is in the case of pedestrians being 
struck by vehicles). Blunt force trauma to the 
thoracoabdominal region or a history of crush 
injury should also alert the trauma surgeon to 
the possibility of an underlying diaphragmatic 
injury. A recent review of the National Trauma 
Data Bank (NTDB) revealed that patients with 
blunt traumatic diaphragmatic injuries are 
older and have a higher injury severity score 
(ISS) [12].

Associated Injuries

The diaphragm, because of its anatomic and 
its dynamic function, is rarely injured in isola-
tion; in fact, the presence of associated injuries 
is the rule rather than the exception. The pattern 
of associated injuries generally depends on the 
mechanism of diaphragmatic injury (i.e., blunt 
versus penetrating, crush versus fall, etc.). Blunt 
trauma generally produces a significant number 
of extra-abdominal and/or extrathoracic injuries. 
The presence of diaphragmatic injury in the set-
ting of blunt trauma should alert the physician 
to the high probability of associated solid organ 
and pelvic injury.
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employed to arrive to the diagnosis. Injuries to 
the diaphragm may be identified non-invasively 
with radiological studies and/or invasively with 
interventional diagnostic procedures. The ini-
tial test of choice is a chest X-ray, which can be 
diagnostic when hollow abdominal viscera or a 
nasogastric tube is/are detected in the hemitho-
rax. The treating physician must be aware that 
on the initial films, diaphragmatic rupture may 
present as atelectasis, hemothorax, pneumo-
thorax, gastric dilatation, pulmonary contusion, 
intra-abdominal fluid, traumatic pneumatocele 
or congenital eventration.

Occasionally, in acute ruptures of the left 
hemidiaphragm, the nasogastric or orogastric 
tube placed during the resuscitative phase 
can be found coiled in the left hemithoracic 
cavity (Fig. 1). Other findings occasionally 

severe hemodynamic compromise and/or pres-
entation in extremis of patients with massive 
destruction of the thoracoabdominal region from 
close-range shotgun injuries (less than 3 yards 
or 2.7 meters). In the majority of patients, there 
are no signs or symptoms directly attributable to 
the diaphragmatic defect. Symptoms and signs 
attributable to TDI include shoulder and/or epi-
gastric pain, respiratory distress, and the pres-
ence of obvious bowel sounds in the involved 
hemithorax.

Diagnosis and Imaging Studies

The diagnosis of a diaphragmatic injury presents 
a challenge to the trauma surgeon, as evidenced 
by the large number of investigative procedures 

Fig. 1   A coiled nasogastric tube within the left hemithoracic cavity is pathognomonic for a rupture of the left hemid-
iaphragm (with permission from Dr. Petrone’s personal archives)
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Surgical Management 
of Diaphragmatic Injuries

In patients suspected of having TDI, special 
attention must be paid to avoiding low place-
ment of thoracostomy tubes, particularly if the 
CXR is suggestive of the presence of herniated 
viscera into the chest.

The majority of TDIs can be approached 
through a standard laparotomy. Full visualiza-
tion of the diaphragm is required; exposure of 
the right hemi-diaphragm requires transection 
of the falciform ligament, whereas visualiza-
tion of the left hemi-diaphragm requires gentle 
downward retraction of the spleen and greater 
curvature of the stomach, along with the cen-
tral tendon of the diaphragm and the esophageal 
hiatus [17].

All herniated viscera must be reduced, with 
relocation to the original abdominal positions. 
After careful reduction and relocation of all her-
niated viscera, debridement should be under-
taken of any devitalized diaphragmatic tissue. 
The defect is repaired with non-absorbable 
suture and an ipsilateral tube thoracostomy is 
usually performed under direct visualization. 
Diaphragmatic lacerations smaller than 5 cm 
should be repaired with non-absorbable suture, 
in vertical mattress fashion placed at approxi-
mately 1 cm from the edges, everting the dia-
phragmatic muscle toward the abdomen. In the 
cases of lacerations larger than 5 cm, we favor 
repair with a running interlocking suture with 
a non-absorbable suture, such as polypropyl-
ene. A diaphragmatic injury identified during 

identified radiographically are curvilinear shad-
ows and air-fluid levels consistent with hollow 
viscera, such as colon or small bowel in the 
intra-thoracic space. These findings are pathog-
nomonic for rupture of the diaphragm.

Computed tomography (CT) has become 
readily available in the assessment of the acutely 
injured patient. Currently, reconstructed images 
are routinely obtained in patients with chest 
radiographic findings suspicious of TDI, namely 
an abnormally elevated hemi-diaphragm. The 
use of multi-detector computed tomography 
(MDCT) with coronal and sagittal multiplanar 
reformation (MPR) has improved the accuracy 
of CT for the diagnosis of TDI.

Minimally invasive techniques such as lapa-
roscopy and thoracoscopy are also part of the 
trauma surgeon’s diagnostic armamentarium. 
Laparoscopy has been shown to be extremely 
useful to detect diaphragmatic injury in patients 
who have no other indications for laparotomy. 
Hemodynamically stable patients without 
abdominal symptoms with left thoracoabdomi-
nal penetrating trauma should undergo diagnos-
tic laparoscopy for the diagnosis and repair of 
diaphragmatic injury from penetrating trauma 
[14, 15].

Although thoracoscopy is used s less fre-
quently than laparoscopy, it has been shown 
to have a high sensitivity and specificity with 
an accuracy rate of 98–100% for the diagno-
sis of diaphragmatic injury in stable patients. 
Its main disadvantages include the amount 
of time it takes to place the patient in a thora-
cotomy position, it does not always allow 
repair of the diaphragm, and it always requires 
chest tube insertion even if negative. In addi-
tion, in the acute setting and with concerns for 
intra-abdominal injury, thoracoscopy is lim-
ited. These seem to be the reported reasons why 
thoracoscopy is used less frequently than lapa-
roscopy. It is our opinion that the choice of lapa-
roscopy or thoracoscopy for the diagnosis and 
treatment of diaphragmatic injury in the setting 
of penetrating trauma to the thoracoabdominal 
region depends on the familiarity and comfort 
level of the individual trauma surgeon with each 
modality [14, 16].

Table 1   American Association for the Surgery 
of Trauma-Organ Injury Scale (AAST-OIS) for 
Diaphragmatic Injuries [18]

Grade Injury description

I Contusion

II Laceration <2 cm

III Laceration 2–10 cm

IV Laceration >10 cm with tissue loss 
<25 cm2

V Laceration with tissue loss >25 cm2
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identified during laparoscopy or thoracoscopy 
may be repaired laparoscopically or thoraco-
scopically as well.

Patients with TDIs associated with massive 
contamination of the pleural space from enteric 
content should undergo anterolateral thora-
cotomy followed by copious lavage to evacuate 
the contaminating material and placement of a 
28 F right angle and 36 F straight chest tubes to 
drain the chest cavity and allow resorption of the 
pneumothorax, respectively. Penetration of the 
pericardial cavity with contamination requires 
lavage, keeping the pericardium open and place-
ment of a pericardial drain.

While repair of acute TDIs can be accom-
plished through a thoracotomy, we believe that 
the trans-abdominal approach offers advantages 
over the thoracotomy approach with respect to 

laparoscopy or thoracoscopy may be repaired 
The anesthesiologist produces a forceful insuf-
flation of the lung and the catheter is removed 
while simultaneously placing the final stitch in 
the diaphragm, The integrity of the diaphrag-
matic repair should be confirmed by having 
the anesthesiologist inflate the lung with large 
tidal volumes (15 ml/kg) followed by a Valsalva 
maneuver while the upper abdominal compart-
ments are flooded with sterile saline [5].

Diaphragmatic lacerations smaller than 5 cm 
should be repaired with non-absorbable material, 
in vertical mattress fashion placed at approxi-
mately 1 cm from the edges, everting the dia-
phragmatic muscle. In the cases of lacerations 
larger than 5 cm we favor repair with a run-
ning interlocking suture with a non-absorbable 
suture, such as Prolene. A diaphragmatic injury 

Fig. 2   Algorithm for penetrating thoracoabdominal 
trauma. ATLS, Advanced Trauma Life Support; CT, 
computed tomography; CXR, chest radiograph; OR, 

operating room; NGT, nasogastric tube (adapted and 
reproduced with permission from Asensio, Petrone and 
Demetriades [5])
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and posterior attachments and by translocat-
ing it to a position above the chest wall defect. 
Following the repositioning of the diaphragm, 
by suturing it to the muscles at a higher level 
of intercostal space, the newly created abdomi-
nal wall defect can be repaired with a latissimus 
myo-cutaneous flap. Prosthetic non-absorbable 
mesh material can also be used to reconstruct 
the diaphragm, but its use is contra-indicated 
in the presence of contamination in either or 
both cavities, because of the associated risks of 
infection.

The authors recommend using the American 
Association for the Surgery of Trauma 
Organ Injury Scale (AAST-OIS) to grade 

the ease of reduction of herniated intra-abdominal 
viscera and with respect to the avoidance of 
missed intra-abdominal injuries.

Massive destruction of the diaphragm and 
chest wall can be caused from close-range (less 
than 3 yards) shotgun wounds. Patients who 
survive these devastating injuries present the 
operating surgeon with technical challenges 
that require complex reconstruction of the dia-
phragm and chest wall sometimes with staged 
procedures. Immediate reconstruction of the 
chest wall in patients with limited injury to the 
diaphragm that allows its use as a rotation flap 
can be accomplished by detaching the affected 
hemi-diaphragm from its anterior, lateral, 

Fig. 3   Algorithm for blunt thoracoabdominal trauma. 
ATLS, Advanced Trauma Life Support; CT, computed 
tomography; CXR, chest radiograph; LGT, lower gas-
trointestinal; MRI, magnetic resonance imaging; NGT, 

nasogastric tube; OR, operating room; UGT, upper gas-
trointestinal (adapted and reproduced with permission 
from Asensio, Petrone and Demetriades [5])
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c.	 Mortality from diaphragmatic injuries is 
generally due to the associated injuries.

Correct answers
Question 1: Answer b.
Question 2: Answer c.
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